We have investigated, in the framework of proximity effect theory, the interface transparency T of superconducting/normal metal layered systems which consist of Nb and high paramagnetic Pd deposited by dc magnetron sputtering. The obtained T value is relatively high, as expected by theoretical arguments. This leads to a large value of the ratio d cr s /ξ s although Pd does not exhibit any magnetic ordering.
I. INTRODUCTION
Interface transparency T of artificial layered systems is an interesting issue of study, both for its fundamental and practical consequences and many papers have been recently devoted to this topic [1] [2] [3] [4] . From one side, in fact, T is related to differences between Fermi velocities and band-structures of the two metals. On the other hand it is an essential parameter to take into account in the study of depairing currents [5] and quasiparticle injection devices [6] [7] [8] [9] where high interface transparency is an important ingredient.
In this article we performed a proximity effect study of Nb/Pd layered system [10] taking into account the essential ingredient of interface transparency. We chose Nb as superconducting material and Pd as normal metal. The choice of Nb was related to its highest critical temperature among the superconducting elements while, among normal metals, Pd is the one with the larger spin susceptibility [11] which leads to giant magnetic moments in some dilute Pd alloys [12] . Moreover, by theoretical argument based on Fermi velocities and band-structures mismatch, we expected a more transparent interface than in other superconductor/normal metal combinations, such as, for example, Nb/Cu [13] .
II. THEORETICAL BACKGROUND
When a superconductor (S) comes into contact with another material (X) proximity effect occurs. The other material can be a superconductor with a lower transition temperature (S'), a normal metal (N), a ferromagnet (F) or a spin glass (M). In any case there is a mutual influence which depresses superconductivity in S and induces superconductivity in X. Since at the interface the order parameter decreases in S over the coherence length ξ s , it is necessary a minimum thickness of the S layer, d s , to make superconductivity appear. If d s is small the order parameter cannot reach its maximum value and the critical temperature T c of the system is reduced, until d s becomes too thin and superconductivity is lost. The thickness at which it happens is called critical thickness, d cr s . On the other hand, Cooper pairs coming from S penetrate X, but they are broken up over a characteristic length ξ x , depending on the pair breaking mechanism in X. At finite temperature pairs loose their phase coherence by thermal fluctuations: this is the only pair breaking mechanism present in N metals, and lead to a temperature dependent characteristic distance, ξ n (T ), which can become large at low temperatures. In magnetic metals pair breaking is due to the exchange interaction E ex which acts on the spin of the Cooper pairs. For strong magnets, such as Fe, E ex >> k B T : this leads to a few Angstrom temperature independent coherence length ξ F in the magnetic layer [1, 14, 15] .
Anyway interfaces between different metals are never fully transparent with the result that proximity effect is somehow screened, because electrons coming from S are reflected rather than transmitted in X. A finite transparency gives rise, for example, to a smaller d This may be due to interface imperfections, lattice mismatches, fabrication method [4, 16] , but also to intrinsic effects such as difference between Fermi velocities and band-structures of the two metals [13] . The interface transparency due to Fermi velocities mismatches in the free electron model, is given by [1, 19] :
where k x,s = mv x,s /h are the projections of Fermi wave vectors of X and S metals on the direction perpendicular to the interface. Moreover for the magnetic case the situation is more complicated due to the role played by the splitting of the spin subbands and the spin-dependent impurity scattering [17] .
The starting point for a complete description of proximity effect in multilayers, valid for arbitrary transparency, was given by Kupriyanov and Lukichev [18] in the framework of Usadel equations (dirty limit). In particular, the model we used to describe the dependence T c (d s ) for N/S/N trilayers is based on the Werthamer approximation, valid for not too low temperatures, provided the boundary transparency is sufficiently small [19] . In this limit the system of algebraic equations to determine T c is:
with the identification of the Abrikosov-Gorkov pair-breaking parameter ρ=πT c Ω
is the digamma function and T cs is the bulk critical temperature of the S layer. These equations contain two parameters γ and γ b defined as
where ρ s and ρ n are the low temperature resistivities of S and N, respectively, while R B is the normal-state boundary resistivity times its area. The parameter γ is a measure of the strength of the proximity effect between the S and N metals and can be determined
instead, describes the effect of the boundary transparency T , to which it is roughly related by
Due to its dependence on R B , which is difficult to measure, γ b (or T ) can't be determined experimentally, so it was extracted by a fitting procedure.
III. EXPERIMENTAL RESULTS
The samples were grown on Si(100) substrates by a dual-source magnetically enhanced dc triode sputtering system and they consist of Nb layers (T c ≈ 8.8 K) and Pd layers. The deposition conditions were similar to those of the Nb/Pd multilayers earlier described [10] except for the fact that the 8 samples, obtained in a single deposition run, were not heated.
Three different sets of multilayers were prepared. Two sets (set A and set B), built as Measuring a resistivity value of ρ N b =2.5 µΩ·cm in the case of a deliberately fabricated 1000Å thick single Nb film, and assuming a parallel resistor model [21] , we deduced ρ P d ≈ 5µΩ· cm.
IV. RESULTS AND DISCUSSION
In Fig. 1 Fig. 2 ) [5] . The value for ξ P d of approximately 60Å that we find with this procedure is comparable with other values reported in literature for similar systems [16] while it is considerably lower than the values found for other normal metals, such as Cu [5, 22] , and greater than values found for the ferromagnetic ones [1, 12, 14] . In addition this value, in our temperature range, is in agreement with the one estimated from the measured ρ P d with the expression of ξ P d valid in the dirty limit:
Here D P d is the diffusion coefficient which is related to the low temperature resistivity ρ P d through the electronic mean free path l P d by [23] 
in which
where γ P d ≈ 11.2×10 2 J/K 2 m 3 is the Pd electronic specific heat coefficient [24] and v P d =2.00 × 10 7 cm/s is the Pd Fermi velocity [25] . The values obtained for ξ P d are between 73Å
and 115Å for T=10 K and T=4 K, respectively, while, from Eq. (8), l P d =60Å. The value of the ratio l P d /ξ P d , always less than one in the considered temperature range, confirms the validity of the dirty limit approximation.
Inspired by these results we also tried to explain the abrupt decrease and the dip of T c shown in Figure 2 [10, 16, 28] are consistent with these considerations. In this sense a systematic study of the influence of the fabrication method on interface transparency, as already done on Nb/Cu systems [4] , would be interesting. Since preparations methods seem to have a strong influence on T , we could expect to have samples of higher quality, and consequently, of larger transparency using, for example, Molecular Beam Epitaxy (MBE) deposition technique.
V. CONCLUSIONS
In conclusion we have studied the proximity effect in Nb/Pd layered systems using the interface transparency as the only free parameter. We obtained a relatively high value for T , On the other hand the stronger magnetic nature of CuMn is known and also indirectly demonstrated by Radovic's fit, that well describes the critical temperature behavior for Nb/CuMn multilayers [27] but not for Nb/Pd. This makes us think that Pd-based magnetic alloys are good candidates for studying the S/F proximity problem: very low impurity concentrations will induce ferromagnetic ordering, but should not produce great disorder at the interface. An interesting alloy could be PdNi: the magnetic order starts to appear for a Ni concentration of 2.5 %. This makes the alloy stoichiometry easy to control and induces an homogeneous ferromagnetism, with a relatively low Curie temperature [33, 34] . In this sense PdNi seems to be more intriguing than CuNi because of the low values of the interface transparency measured in Nb/CuNi systems. 
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